This research investigates the applicability of theatrical lighting techniques that manipulate the appearance of the shape of an environment to architectural spaces. Two temporal twoalternative forced choice experiments were conducted. Participants viewed the interior of a white room when illuminated by one of four test lighting conditions , in which the luminance differences between the vertical and horizontal surfaces varied, as well as a reference uniform luminance condition. In the first experiment, participants were asked to report which of the two randomly-presented lighting conditions made the space appear wider. In the second experiment, they were asked to indicate which made the space appear taller. In both experiments, participants reported that the space appeared smaller (narrower and shorter) when it was illuminated by all of the non-uniform lighting conditions than the reference uniform lighting condition.
Introduction
The perception of the lightness of an object can appear to change depending on the lightness of the background. In artistic fields, such as the theatre, the use of light t o present illusions is common. Theatrical lighting design texts describe the use of variations of luminance to manipulate perception of the environment. The contrast of light and dark enables the items on a stage to be viewed accurately or misinterpreted, and profiles and textures to be omitted or exposed (Pilbrow, 2002) . The designers that implement these techniques learn their craft through a process of observation. Architectural lighting designers practice similar reasoning. Lighting design handbooks describe illusory spatial observations such as the 'cave effect'. (Cuttle, 2015) .
Advances in lighting technologies provide the opportunity to re -think architectural lighting design practices and allow techniques that have been iteratively developed and passed on through tradition to be empirically investigated.
Spatial perception
It is well-known that visual perception arises not purely from the output of visual receptors, but also the surrounding context and knowledge of the environment. Spatial illusions are discrepancies between the apparent and physical characteristics of a stimulus, such as size, shape, orientation or movement (Day, 1972) . Wandell (1995) demonstrates the importance of the spatial distribution of luminance on shape perception with crater images. The image on the left of figure 1 shows a large crater and the image on the right shows the same image rotated 180 degrees. The rotated image appears as a mound. This difference in perception occurs because the human visual system assumes that the light is coming from above. The human visual system also uses atmospheric perspective, or haze lightness, as a depth cue. Wardle (1995) notes "distant objects are viewed through more atmosphere than ne arer objects and hence have a lower contrast."
Empirical studies of the effect of lighting on the perception spaciousness of interior environments are sparse. Flynn concluded that the lighting of a space could affect people's reports of mood, impressions of spatial complexity, perceptual clarity, spaciousness and formality (Manav, 1999) Experiments of room spaciousness and luminance distribution have been conducted using such presentation methods as changing the lighting conditions within a room and the viewing of images. There are, however, no known studies in which observers viewed lighting conditions within a real architectural space without visual cues such as furniture and luminaires. Although there is a lack of research in this area, techniques such as emitting light directly onto a ceiling so that it is perceived to be as high as possible, or the illumination of walls to ensure the space does not feel cave-like or enclosed, are commonly used by architectural lighting design professionals (Meek, 2014) . Interestingly, the Australian Interior and Workplace Lighting Standards (2006) support these claims with the following unreferenced statement, "The sense of space and of form can be influenced by appropriate lighting design. Since the eye is involuntarily drawn towards light, the apparent proportions of a room can be influenced by the direction of lighting and the differences in luminance of the defining surfaces. Thus, a long room can appear to be shortened by transverse lines of light or by lightening the end walls and darkening the side walls. Similar treatment will give a square" (Standards Australia, 2006).
Hypotheses
The experiments conducted here were designed to test the following hypotheses:
 When the ceiling and floor have a higher luminance than the walls, the space will appear taller than it does with uniform illumination.
 When the walls have a higher luminance than the floor and the ceiling, the space will appear wider than it does with uniform illumination.
Methods

Experimental set-up
An interior space (3.6 m x 3.2 m x 3.2 m) was erected using theatrical scenery flats. One vertical face was omitted to enable the projection of lighting into the environment and the participant to enter the space. The internal walls were painted with a white matte finish, with 0.4 m of the walls along the open edge painted in matte black (to ensure the observer viewed a symmetrical space). Each surface was illuminated by one theatrical luminaire (ETC S4 Lustr Series 2, 50-degree ELDT lens). The luminaires lighting the walls were located on a 3.0 m piece of vertical concert truss. The luminaire illuminating the ceiling was mounted on the floor, slightly to the right side of the observer. The luminaire illuminating the floor was fixed to the ceiling (of the laboratory) at the height of 3.0 m, flush against one side of the space's vertical opening. All lights were positioned and focused such that the surfaces were lit without casting shadows from the observer. The observer was located on the middle of the open edge , 3.2 m from the rear wall. The observer's visual axis was similar to that of a seated office worker (Standards Australia, 1994) . Figure 3 shows an image of an observer viewing the constructed space. 
Lighting conditions
All luminaires were thermally stabilised and tested for consistent output. The dimming characteristics of the luminaires were quantified, and the relationships between the input signals (dmx) and surface luminance were modelled.
A luminance meter was placed on a tripod at the position of the eyes of the participant. The tripod's pan and tilt control was used to measure the luminance of each surface of the room at 10  increments along the horizontal and vertical axes. To quantify the light reflected between surfaces, the luminance of each surface was measured five times, when each of the five luminaires was on. Measurements were not taken on the 0.4 m black portion along the open edge wall and corner locations. Measurements were used to quantify the relationships between luminaire input signal and surface luminance and mathematically account for light reflected between surfaces.
Because of light reflected between surfaces, the difference in luminance between surfaces was limited. Table 1 shows the luminance ratios between the vertical (walls) and horizontal (ceiling and floor) surfaces achieved. Table 2 shows the average luminance values of the surfaces. In four of five test conditions, the luminance of the walls and the luminance of the floor and ceiling were different. In the most extreme conditions, the walls' (condition 1) luminance was 1.8 times higher than the floor and ceiling. At the opposite extreme (condition 5) the ratio is reversed. 
Procedure
Two experiments were conducted using the same test conditions. These experiments used a temporal two-alternative forced choice method. The participants were 20 -50 years of age. Each participant's stereoscopic vision was tested using The Butterfly Test and their stereoacuity was less than or equal to 200 seconds of arc. Participants were initially exposed to dark conditions for three minutes.
Randomised comparisons were always made between a test condition and the uniform reference condition (identical to test condition 3). Each trial began with the presentation of one lighting condition held constant for three seconds. A short audible tone was then played as the illumination condition was changed. The second lighting condition was then held static for three seconds. All lights were turned off and subjects were asked to report their judgment.
For the first experiment, participants were asked to report which of the two lighting con ditions made the space appear wider. In the second experiment, they indicated which of the two conditions made the space appear taller.
Results
As shown in figure 4 , the data from the first experiment, in which participants compared the perceived width of the space, shows that participants found the space to appear narrower when illuminated by all non-uniform lighting conditions than the uniform reference condition. The dashed line shows the trend predicted by the hypothesis, which is clearly not supported by the data. The result of the second experiment, in which participants compared the perceived height of the space, has a similar trend to the first experiment. Figure 5 shows that the participants found the space to appear shorter when illuminated by all of the non-uniform lighting conditions than the uniform reference condition. The dashed line shows the trend predicted by the hypothesis, which is not supported by the data. 
Discussion
The spatial perception of architectural environments and the luminance of surfaces will be the subject of further investigation. The luminance ratios used in these experiments compare the luminance of one horizontal surface and one vertical surface. Consequently, the total amount of light is greater when the three vertical surfaces are brighter (the walls) than when the two horizontal surfaces (the floor and ceiling) are brighter. In order to eliminate this confound, the wall directly opposite the observer has been painted black, and the luminaire that illuminates this wall has been removed. A third experiment is underway in the modified space that will use the same methods and luminance ratios as the experiments reported here.
